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Abstract: Direct samplings of aerosol particles in the summer Antarctic at­
mosphere were carried out at Syowa Station (69°00'S, 39°35'E) and Asuka Camp 
(71°3l'S, 24°07'£) in 1985 and 1986. To determine the molecular state of sub­
micron sulfate particles, a vapor-deposited calcium thin film method was used. It 
was proved directly that sulfuric acid particles predominantly existed at Syowa 
Station and Asuka Camp in the summer Antarctic atmosphere. 

1. Introduction 

Antarctica is a suitable place for the observation of "background" aerosols, since 

it is remote from other continents and mostly covered with ice and snow which suppress 
the emission of gases and primary aerosols. Additionally, a large difference of sunlight 

condition between winter and summer is very interesting to the study of photochemical 

processes including particle production and particle growth from sulfur bearing gases. 

Chemical composition and physical properties of the Antarctic aerosols, as well as 
their sources, sinks and transportations, have been studied by many investigators (e.g., 

SHOW, 1979; PARUNGO et al., 1981; HOGAN, 1982). PARUNGO et al. (1981, 1979) 
analyzed individual particles at the South Pole with an electron microscope equipped 

with an X-ray energy spectrometer. The percent of sulfur-containing aerosol particles 

varied seasonally, maximum in summer and minimum in winter. 
Analysis of the molecular state of individual particles in the Antarctic atmosphere 

has been limited so far. According to ITO (1983) Aitken nucleus concentration at 

Syowa Station {69°00'S, 39°35'E) shows typical seasonal variation. He also showed 

by morphological analysis that sulfuric acid particles were predominant in summer, 

while ammonium sulfate particles were major in winter. lWASAKA et al. (1985) showed 
by morphological identification of particles directly sampled with aircraft that sulfuric 

acid particles actually existed in the summer Antarctic atmosphere up to an 8 km 

height. 
However, the molecular state of individual particles was not determined exactly 
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in those previous studies. HAYES et al. (1980) pointed out that sulfuric acid particles 
collected in the stratosphere are easy to be converted to ammonium sulfate particles 

by absorption of ammonia in the laboratory. The morphological identification of 

su1fate particles is less reliable. 

In order to identify directly the actual molecular state of individual sulfate particles, 

a vapor-deposited calcium thin film method is useful. In the previous study, aerosol 

in the remote Everest highland was examined with this method (ONO et al., 1983). In 
the Antarctic atmosphere, aerosol particles were also examined with this method 

{YAMATO et al., 1987). However, most of the calcium thin films used in Antarctica 

were damaged by the humidity of sampling air, because the particles were not dried 

before sampling on the calcium thin film surface. Thus, it can be said that the presence 

of sulfuric acid particles in the summer Antarctic atmosphere has not been confirmed 

yet directly with the calcium thin film method. 
When we want to confirm perfectly the presence of sulfuric acid particles, it is 

essential to dry the particles before their impaction on the calcium thin film. In this 

using a diffusion drier, we examine the actual molecular state of individual sulfate 

particles collected at Syowa Station on 24 January 1986 and at Asuka Camp on 27 

December 1985 with the improved calcium thin film method by the members of the 

27th Japanese Antarctic Research Expedition (JARE-27) (F. NISHIO and M. FUKABORI). 

2. Observational Procedure 

2.1. Chemical test 
Electron microscope grids (EM grids) covered with a nitrocellulose film were 

prepared to collect aerosol particles. Carbon was evaporated onto the nitrocellulose 
surface in a vacuum evaporator. Aerosol particles are collected on the EM grids 

with an impactor. First, morphology of collected particles is observed with a trans­

mission electron microscope (TEM). Second, the direct chemical test using a vapor­

deposited calcium thin film as a reactive particle collecting surfate (ONO et al., 1983) 

is applied for the detection of sulfuric acid component in individual particles. 

A metal calcium ingot of 0.7 mg was evaporated in a vacuum evaporator. The 

EM grids covered with a carbon thin film were set 14 cm appart from the tungsten 

boat with an angle of depression of 45 degrees. Under the low pressure about 10- 15 

torr, the metal calcium ingot is evaporated. Then a calcium thin film with thickness 

about 3.6 nm is formed on the EM grids. This thickness is calculated after HOLLAND 

( 1963). 
The previous study (YAMATO et al., 1987) showed that the calcium thin film was 

frequently damaged by humidity. Thus, the aerosol particles must be collected on a 

calcium thin film under a low relative humidity. Solid ammonium sulfate particles 

deliquesce at about 80% relative humidity for increasing the relative humidity. How­

ever, for decreasing the relative humidity, ammonium sulfate aqueous droplets are 

dried below 28% relative humidity (TANG et al., 1981). If the sampling air is dried 

sufficiently to keep ammonium sulfate particles solid and prevent the reaction with 

calcium, we can easily distinguish sulfuric acid droplets from ammonium sulfate 

particles. With the diffusion drier used here, the sampling air can be dried below 
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10% relative humidity. Sulfuric acid particles are still liquid even under such low 
relative humidity and are highly reactive with calcium. When they are collected on 

the calcium thin film, Liesegang rings composed of CaS04 are formed. The mor­

phology of the Liesegang ring is observed with TEM. 

2.2. Sampling equipment 
Aerosol particles were collected with a two-stage low-pressure impactor. The 

first stage of the impactor collected larger particles, while the second stage collected 

smaller one, involving Aitken partides. Pressure decrement at the second stage was 

set to be 50 cmHg, which was measured with a manometer. Flow rate of this im­
pactor is 1.2 //min and one sampling time was 60 min at Syowa Station and 80 min 
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Fig. 1. Schematic diagram of the compact aerosol sampling equipment (a) and photograph of the 
sampling set (b ). 
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at Asuka Camp. Sampling volume of aerosol particles was 72 I at Syowa Station and 
96 I at Asuka Camp, respectively. 

To remove humidity in sucked air before impaction, air was passed through a dif­
fusion drier. Silicagel was put in a tube of the diffusion drier. The terminal relative 
humidity was below I 0%. This compact sampling set is shown in Fig. I. 

Aerosol particles were collected on 27 December 1985 and 24 January 1986 at 
Asuka Camp and Syowa Station, respectively. Temperatures at Syowa Station were 
between 5 to -- 8 °C. Relative humidity was 58%. Collected particles were kept 
in a dry closed package. 

3. Results 

The particles collected on the calcium thin film at Syowa Station on 24 January 
1986 are shown in Fig. 2. Before impaction on the calcium thin film, aerosol particles 
were sufficiently dried with the diffusion drier. If ammonium sulfate particles were 
collected, they were dried and could not react with calcium. Most of the collected 
particles react well with calcium. This reaction occurred even under dry condition 
and the morphology of the Liesegang ring is closely similar to that of sulfuric acid 
particles. It is clear that these particles were sulfuric acid particles. 

Figure 3 shows the morphology of particles collected on a carbon thin film at the 

Fig. 2. Aerosol particles collected on the cal­
cium thin film at Syowa Station (69° 

OO'S, 39"35'£) on 24 January 1986. 
Arrow "-t" indicates the typical ex­
ample of non-reacted particle or elec­
tron dense core. 

Fig. 3. Aerosol particles collected on the car­
bon thin film at Syowa Station (69°00' S, 

39°35' £) on 24 January 1986. 
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Fig. 4. Aerosol particles collected on the carbon thin.film at Asuka Camp (71°3/'S, 24°08'£) on 
27 December 1985. 

same time as the collection of particles in Fig. 2. Most of the particles have many 

small droplets surrounding central mother particles. This is called "satellite structure" 

characterizing sulfuric acid particles. All sulfuric acid particles collected with the 

first stage of the impactor were large particles (0.1 µm <r< I µm). All particles col­

lected with the second stage of the impactor had the satellite structure, which suggests 

that these smaller particles were also sulfuric acid particles. 

At Syowa Station, sea salt particles in the coarse particle size range were collected 

{Fig. 5 see "--+ "), but they were not a major component. The dominant aerosol 

particles were sulfuric acid particles. 

The calcium thin film method was not applied at Asuka Camp on 27 December 

1985. Figure 4 shows the aerosol particles collected on a carbon thin film at Asuka 

Camp on 27 December I 985. All particles have the satellite structure which indicates 

a possible evidence for the presence of sulfuric acid particles. The size of the particles 

ranges from 0.2 µm (large particles) to 0.04 ,am (Aitken particles). Sea salt particles 

were not found within the size range including Aitken, large, and giant particles at 

Asuka Camp. 

4. Discussion 

Some remarks on the method of aerosol sampling and on the features of aerosol 

particles in the Antarctic atmosphere are listed below. 

(I) Diffusion drier of aerosol sampler 

In 1983-1984 (JARE-25) aerosol particles were collected with an impactor without 

a diffusion drier (YAMATO et al., 1987). Most of the prepared calcium thin films (22 
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Fig. 5. Aerosol particles collected on the carbon thin film at Syowa Station (69°00' S, 39° 35' E) 
on 24 January 1986. Arrow .,_" indicates the typical example of sea salt particles. 
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sheets in total 25 sheets) were damaged by humidity and did not work well. Calcium 
is unstable against the humidity of sampling air, so that the removal of humidity of 
the sampling air is necessary before impaction of particles. 
(2) Ammonium sulfate particles 

Several particles did not react with the calcium thin film in the samples collected 
at Syowa Station on 24 January 1986, although such particles were few. These non­
reacted electron-dense particles were probably ammonium sulfate particles. An 
electron-dense core was sometimes found at the center of the Liesegang ring of CaS04 

(for example, see "�" in Fig. 2). These particles may be ammonium sulfate dissolved 
in  sulfuric acid aqueous droplets. The results obtained here indicate that a small 
number of ammonium containing sulfate particles were present even in the summer 
season in the Antarctic atmosphere. 
(3) Sea salt particles 

In addition to sulfate particles, sea salt particles are also present at Syowa Station 
(in Fig. 5 see "� "). The particle radius is larger than 1 µm and classified as coarse 
particle. In the samples collected at Asuka Camp, any sea salt particles were not 
found. Syowa Station is situated on an island close to the continental shore, while 
Asuka Camp is about 60 km away from the ocean. This difference reflects the differ­
ence of the distance of the path from the ocean to the sampling site. 
(4) Uniformity of particle size and composition 

The particles collected at Asuka Camp closely resemble each other in morphology 
(Fig. 4). All particles have similar satellite structures, with the same degree of dis­
persion of many small droplets around the central mother particles. The mor­
phological uniformity is characteristic of the aerosol particles collected in the East 
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Queen Maud Land (YAMATO et al., 1987). It is worthy to note that the size distribu­
tion of the particles collected at Asuka Camp is monomordal which is not found in the 
polluted air. 
(5) Production process of sulfuric acid particles 

Sulfuric acid particles in the summer Antarctic atmosphere are thought to be 
produced through gas to particle conversion processes including photochemical 
oxidation of sulfur-bearing gas such as S02 • Produced sulfuric acid particles retain 
their acidity without suffering neutralization by ammonia in the summer season when 
photo-chemical oxidation is active. Ammonia gas concentration in the Antarctic 
atmosphere may be too low to nutralize sulfuric acid particles in the summer season. 

5. Conclusion 

Vapor-deposited calcium thin films were used at Syowa Station as a specific method 
for determining sulfuric acid component in individual aerosol particles. The result 
shows that the calcium thin film method used here was the first success for Antarctic 
aerosol research, and confirmed, even with the limited samples, that sulfuric acid parti­
cles were a dominant aerosol component in the summer coastal atmosphere at Syowa 
Station. A few ammonium sulfate particles were present even in the summer season. 

A systematic observation using the calcium thin film method is under way to 
clarify the seasonal and geographical variation of the molecular state of sulfate particles. 

Acknowledgments 

We should like to thank the wintering members of the 27th Japanese Antarctic 
Research Expedition for their kind supports during the aerosol sampling. We thank 
Mr. M. YOSHIDA, a member of JARE-25, for his valuable advice about aerosol sampl­
ing in Antarctica. 

References 

HAYES, D., SNETSINGER, K., FERRY, G., OBERBECK, V. and FARLOW, N. (1980): Reactivity of strato­
spheric aerosols to small amounts of ammonia in the laboratory environment. Geophys. 
Res. Lett., 7, 974-976. 

HOGAN, A. W. (1982): Estimation of sulfate deposition. J. Appl. Meteorol., 21, 1933-1936. 
HOLLAND, L. (1963): Vacuum Deposition of Thin Films. London, Chapman and Hall Ltd., 145 p. 

I To, T. (1983): Nankyoku taiki-chu no erozoru no seijo to kigen ni kansuru kenkyu (Study on prop-
erties and origins of aerosol particles in the Antarctic atmosphere). Pap. Meteorol. Ge­
ophys., 34, 151-219. 

IWASAKA, Y., OKADA, K. and ONO, A. (1985): Individual aerosol particles in the Antarctic upper tro­
posphere. Mem. Natl Inst. Polar Res., Spec. Issue, 39, 17-29. 

ONo, A., YAMATO, M. and YOSHIDA, M. (1983): Molecular state of sulfate aerosols in the remote 
Everest highlands. Tellus, 358, 197-205. 

PARUNGO, F., ACKERMAN, E., CALDWELL, w. and WEICKMANN, H. K. (1979): Individual particle 

analysis of Antarctic aerosols. Tellus, 31, 521-529. 
PARUNGO, F., BADHAINE, B. and BORTNIAK, J. (1981): Seasonal variation in Antarctic aerosol. J. 

Aerosol Sci., 12, 491-504. 



Sulfuric Acid Particles in Antarctic Atmosphere 81  

SHow, G .  E. (1979) : Consideration on the origin and properties of the Antarctic aerosol. Rev. 
Geophys. Space Phys., 17, 1983-1998. 

TANG, I. N., WONG, T. and MuNKELWITZ, H. R. (1981) : The relative importance of atmospheric 
sulfates and nitrates in visibility reduction. Atmos. Environ., 12, 2463-2471. 

YAMATO, M., IWASAKA, Y., ONO, A. and YOSHIDA, M. (1 987) : On the sulfate particles in the sub­
micron size range collected at Mizuho Station and in East Queen Maud Land, Antarctica; 
Preliminary results. Proc. NIPR Symp. Polar Meteorol. Glaciol., 1, 82-90. 

(Received February 4, 1987,· Revised manuscript received May 6, 1987) 


